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BORCH-JOHNSEN, SVEND KREINER Abstract
The relation between diabetic microangiopathy and macroangiopathy was studied by analysing the relative mortality from cardiovasculardisease in patients with insulin dependent diabetes mellitus with and without persistent proteinuria. The study group comprised 2890 diabetics diagnosed between 1933 and 1972 before the age of 31, and the study was conducted by using the linear logistic discrete failure time model. In patients with proteinuria the relative mortality from cardiovascular disease was 37 times that in the general population; in patients without Introduction Insulin dependent diabetes is characterised by a high relative mortality,' which recent studies have shown is confined almost entirely to patients developing persistent proteinuria. Furthermore, mortality from cardiovascular disease also tends to be higher in patients with proteinuria than in those without.2 Previous studies on non-insulin-dependent diabetics have shown diabetes mellitus to be associated with increased cardiovascular morbidity and mortality3 4 but the underlying pathogenetic mechanism remains unknown. 5 The few similar studies on insulin dependent diabetics also suggest an excess of cardiovascular morbidity and mortality in these patients. 2 included Morbi Organorum Cirkulationis-that is, ischaemic heart disease, cardiac valvular disease, unspecified cardiac disease, cerebrovascular disease, peripheral vascular disease, thromboembolic events, and hypertension.
125A STATISTICAL MODEL AND METHODS
Analysis of the relative mortality from cardiovascular disease was performed within the framework of a linear logistic discrete failure time model,'4 1 ' where time (duration of diabetes) was measured in years. Statistical analysis was by likelihood ratio test statistics (-2 log Q). For each subject the sex specific, age specific, and calendar year specific cardiovascular disease death intensities were included as an additional part of the logistic parameter. The state of the patient (dead, alive, or censored due to loss to follow up or termination of study before death) was the dependent variable. The cohort was analysed separately forpatients with andwithout proteinuria. This was necessary, as we knew from a previous study2 that (a) the overall relative mortality was five to 20 times higher in patients with proteinuria than in those without, (b) several variables were associated with increased relative mortality in patients with proteinuria but not in patients without proteinuria, (c) some relevant variables may be estimated only for patients with proteinuria, and (d) development of proteinuria is such a strong risk factor for death that the relevant time scale changes from age or duration of diabetes to duration of proteinuria. In patients without proteinuria death from any cause other than cardiovascular disease, emigration, or development of proteinuria (diabetic or non-diabetic) led to censoring (loss to follow up as a patient without proteinuria). In patients with proteinuria death from any cause other than cardiovascular disease and emigration led to censoring.
In patients without proteinuria the following explanatory variables were included in the analysis: sex, age at diagnosis, current age, year of diagnosis, calendar year during follow up, and duration ofdiabetes on admission to the Steno Memorial Hospital. In patients with proteinuria the following explanatory variables were also included: year of onset of proteinuria, duration of diabetes at onset of proteinuria, and age at onset of proteinuria. Testing for significant effect of the explanatory independent variables was done by backward selection strategy with exclusion on the basis of a 5% level.
The [45] [46] [47] [48] [49] [50] [51] [52] [53] examined the problems connected with aliasing in more detail.'6
Results
The 232 patients for whom data on proteinuria were unobtainable ( fig 1) were similar to the study group in their sex distribution, age at onset of diabetes, and calendar year of diagnosis. Cardiovascular relative mortality in patients with persistent proteinuria- Figure 2 shows the relative mortality from cardiovascular disease in patients with and without proteinuria. Among the 682 patients with proteinuria a total of 109 deaths from cardiovascular disease occurred compared with 2-97 expected. Thus the overall relative cardiovascular disease mortality was (p=0-00002). In women the relative mortality was 2-6 times that of men (p=0-00001) ( (fig 1) a total of 101 deaths from cardiovascular disease occurred compared with expected. Thus the overall relative mortality from cardiovasular disease was 4-3 (p=0-00001). Women had a relative cardiovascular disease mortality twice that of men (p=0 002) (table III) , and patients aged < 16 at diagnosis had the highest relative mortality (p=0008). Neither duration of diabetes nor current age had any significant effect (table III) .
Discussion
It has previously been shown that the high relative mortality in insulin dependent diabetes can predominantly be ascribed to the development of persistent proteinuria. Our study, comprising a ,'I,
representative sample of 2890 Danish insulin dependent diabetics, confirms that this is also true for relative cardiovascular mortality. The most frequent causes of death were myocardial infarction and cardiac insufficiency, but detailed analysis of the causes ofdeath was not undertaken owing to the potential difference in bias between the diabetic and background populations in recording causes of death. The relative mortality from cardiovascular disease was 36-7 in patients with persistent proteinuria compared with only 4-3 in patients without proteinuria. This suggests that the two types of angiopathy seen in insulin dependent diabetes-that is, microangiopathy and macroangiopathy-may be closely related. Other studies have shown that proliferative retinopathy and persistent proteinuria are related,'7 18 whereas the association between microangiopathy and macroangiopathy has only been suggested for non-insulindependent diabetes. 7 8 Persistent proteinuria is associated with the development of raised blood pressure and hypercholesterolaemia'9 (F ValdorfHansen, unpublished observations). Both factors are known risk factors for cardiovascular disease in non-diabetic subjects.`0 21 Valdorf-Hansen et al (unpublished) have also shown that insulin dependent diabetics with proteinuria have higher serum fibrinogen concentrations and increased platelet adhesiveness in vivo than insulin dependent diabetics of comparable age and duration of diabetes without proteinuria. These studies therefore suggest that patients with persistent proteinuria have a different profile of cardiovascular risk factors from patients without proteinuria. Whether these differences are primary or secondary to the development of persistent proteinuria is, however, unknown, but it is unlikely that these risk factors can explain the 10-fold increase in cardiovascular mortality in diabetics with proteinuria. Genetic factors22 or factors affecting the permeability ofvessel walls23 may be equally important.
Patients without proteinuria also showed a significantly increased relative mortality from cardiovascular disease, though much lower than that ofpatients with proteinuria. This suggests that diabetes by itself is also a significant risk factor for cardiovascular disease, independent of the development of proteinuria, though some of these patients may have had microalbuminuria undetectable by the screening procedures used in our study. Relative mortality was independent of the duration of diabetes, which agrees with findings in non-insulin-dependent disease. 24 25 It is therefore questionable whether the association between diabetes and cardiovascular disease is causal or independent, as discussed by Jarrett.5 If diabetes-that is, hyperglycaemia and peripheral hyperinsulinaemia-is the risk factor for cardiovascular disease an effect of duration of the disease should be expected, but this was not the case. Genetic factors associated with the development of insulin dependent diabetes as well as atherosclerosis might therefore explain the observation.
In patients with and without proteinuria a higher relative mortality from cardiovasular disease was found in women than in men. Hence diabetes seems to have different impact as a risk factor in the two sexes. This agrees with studies on non-insulin-dependent diabetes by Barrett-Connor and Wingard26 and the Framingham study,' though other groups have reached opposite conclusions.28 A similar trend has been found in insulin dependent diabetics but, as discussed by Jarrett,28 previous studies were based on small groups ofpatients. In the non-diabetic population cardiovascular morbidity as well as mortality were higher in men, certainly up to age 60.? In our study men and women had identical absolute mortality rates, whether in the groups with or without proteinuria. Thus women with insulin dependent diabetes appear not to have the usual relative protection from cardiovascular disease.
Our findings show an association between proteinuria and cardiovascular disease. A significant increase in cardiovascular disease was also found in patients without proteinuria. The reason for this remains unknown, though clustering and interaction of cardiovascular risk factors-for example, smoking, hypertension, and hypercholesterolaemia in diabetic patients-have been suggested?"0 We were unable to evaluate the impact of these well known risk factors, as data on blood pressure, smoking habits, and blood lipid concentrations wer~e unobtainable in the reference population. Further prospective studies are needed to evaluate the role of standard cardiovascular risk factors in insulin dependent diabetes.
In conclusion, our study shows a strong association between diabetic microangiopathy and macroangiopathy. The increased mortality from cardiovascular disease was found predominantly in patients who had developed persistent proteinuria. A significantly increased mortality, however, was found even in patients without proteinuria, suggesting that diabetes by itselfeither directly or more likely indirectly confers a risk of developing cardiovascular disease. Both in patients with and in patients without proteinuria the relative mortality was higher in women than in men.
